Introduction {#jou1}
============

An increase in the number of overweight and obese children and adolescents over the past 30 years has led to higher incidence of metabolic and hemodynamic disturbances. This is a serious global health problem as cardiovascular diseases (CVD) are the main causes of morbidity and mortality in the world. Fat mass accumulation also leads to a mild thyroid dysfunction. Thyroid--stimulating hormone (TSH) at the upper limit of normal range or slightly elevated with a normal level of serum free thyroxine (fT4) and normal or moderately increased free triiodothyronine (fT3) is a relatively frequent finding in obese children and adolescents^([@bib1])^. According to the study by Ghergherehchi and Hazhir^([@bib2])^, the prevalence of subclinical hypothyroidism (SCH) in children with obesity was significantly higher compared to non-obese children (14.7% vs. 6.8%). It is believed that changes in TSH are a result of the adaptation process to excess of fat tissue and normalized after weight loss^([@bib1])^.

In literature, there are a lot of studies in adult population investigating the relationship between subclinical hypothyroidism (SCH) and higher risk of cardiovascular diseases but their results are inconsistent^([@bib3],[@bib4])^. Some studies showed association of SCH with impaired diastolic left ventricular function, reduced systolic function during exercise and also increased peripheral vascular resistance, arterial stiffness, and endothelial dysfunction^([@bib4],[@bib5])^. Patients with SCH had higher prevalence of aortic atherosclerosis and myocardial infarction^([@bib6])^, increased thickness of carotid intima-media wall^([@bib7]--[@bib9])^ and impaired flow-dependent vasodilatation of brachial artery^([@bib10])^. The negative impact of an adverse lipid profile and changes of glucose homeostasis on an endothelium structure and function is augmented by concurrent SCH^([@bib9],[@bib11]--[@bib13])^.

Given the cited data, the question arises to what extent an elevated serum TSH level augments the adverse impact of an altered lipid status on atherosclerosis process in obese children and adolescents. The number of studies concerning this topic is scarce^([@bib14])^. In our previous study, we found that a serum TSH level correlated with total cholesterol, LDL cholesterol and triglycerides, even after adjustment for BMI or SDS BMI, but not with HDL cholesterol, fasting glucose and insulin resistance index HOMA (Homeostasis Model Assessment)^([@bib15])^. Using data from the same group of obese children and adolescents now we investigate the relationship between serum TSH levels and atherogenic lipid indicators and endothelial remodeling by examining carotid intima-media thickness (IMT). The measurement of IMT by ultrasound is an important marker of an early stage of atherosclerosis, correlates well with cardiovascular risk factors and predicts the occurrence of myocardial infarction and stroke^([@bib16])^.

Material and methods {#jou2}
====================

A retrospective analysis was carried out on the basis of the medical history of 148 children, aged 5-18 years, hospitalized at the Department of Pediatrics and Endocrinology of the Medical University of Warsaw. All patients had a negative family history of thyroid disease and did not take any medication. The study group consisted of 110 children (48 girls, 62 boys, mean age 11.5 ± 2.9 years) found to be obese according to Body Mass Index (BMI) cut-off points for age and gender included in the International Obesity Task Force (IOTF) criteria^([@bib17])^. Patients with secondary causes of obesity and systemic inflammatory diseases were excluded. The control group consisted of 38 healthy individuals (21 girls, 17 boys, mean age 13.4 ± 2.6 years) with normal somatic parameters. The project received approval of the Ethical Committee at the Medical University of Warsaw.

In each patient anthropometric measurements, i.e. body height (cm), body weight (kg), waist circumference and hip circumference (cm), thickness of 2 skinfolds (mm) were analyzed. Based on these measurements, BMI (Body Mass Index), waist to hip ratio (WHR), waist to height ratio (WHtR) were calculated. Body fat percentage (%FAT) was calculated using the Slaughter equations^([@bib18])^. Cole's least mean square method was used to calculate standard deviation score of BMI (SDS BMI) expressing degree of obesity^([@bib19])^.

We also analyzed a lipid profile and thyroid function parameters. Serum thyroid-stimulating hormone (TSH, μIU/ml) and free thyroxine (fT4, ng/dl) levels were measured by a microparticle immunoenzymatic assay (MEIA) using AXYM analyzer. In 5 patients with serum TSH levels \>4 μIU/ml anti-thyroid peroxidase (TPO-Ab) antibodies and anti-thyroglobulin (TG-Ab) antibodies were evaluated. A fasting lipid profile including total cholesterol (TC, mg/dl), triglycerides (TG, mg/dl) and high-density lipoprotein cholesterol (HDL-C, mg/dl) was assessed using commercially available kits. Low-density lipoprotein cholesterol (LDL-C, mg/dl) was calculated using the Friedewald formula (LDL-C = TC -- TG/5 + HDL-C). The resulting data were used to calculate TC/HDL-C, TG/HDL-C, LDL-C/HDL-C ratios. Values of a lipid profile were interpreted according to the 2007 American Heart Association (AHA) recommendations^([@bib20])^. Normal values of TC/HDL-C ratio were \<5, TG/HDL-C \<3, LDL-C/HDL-C \<3^([@bib21],[@bib22])^.

Each obese child's blood pressure was measured at the right arm after a 10-minute rest in supine position using sphygmomanometer, and the average of three measurements was taken for analysis. The cuff size was based on the length and circumference of the upper arm and was chosen individually.

In 74 obese children and 28 children from the control group, thickness of carotid intima--media (IMT, mm) was evaluated at the Department of Pediatric Radiology. At the far wall of common carotid artery about 1 cm from the bifurcation, the distance between lumen-intima and media-adventica interferences was measured using 12--15 MHz ultrasound high resolution linear vascular probe on ATL 3000 HDL (Bothell, Washington DC, Fig. [1](#fig1){ref-type="fig"}). The average of three measurements on both sides was considered the final carotid IMT value.

![Measurement of intima-media thickness (IMT) at the far wall of a common carotid artery about 1 cm from the bifurcation](jou-18-296-g001){#fig1}

All statistical calculations were performed using SPPS 19 software. Data are expressed as mean and standard deviation (SD) or median with minimum and maximum values. For comparison of anthropometric and biochemical measurements between the obese and the control (lean) groups, the T-test was used for parameters in normal distribution, in the case of non-normal distribution the Mann--Whitney test was used. The correlations between the measured variables were calculated using the Spearman coefficient. For better assessment of the relationship between TSH and IMT, multivariate linear regression models were used. A *p* value \<0.05 was considered as indicator of statistical significance.

Results {#jou3}
=======

The mean BMI of the obese children was 29.36 ± 4.9 kg/m^2^, the mean SDS BMI was 2.78 ± 0.49. All the children had high body fat percentage, averaging 33.91 ± 4.71%. The mean waist circumference was 89.94 ± 12.31 cm. The mean BMI of the lean children was 18.86 ± 2.79 kg/m^2^, SDS BMI - 0.03 ± 0.89. Mean heights of children from both groups were comparable (152.76 ± 16,62 cm in the obese group, 157.47 ± 12.94 cm in the lean group).

In obese children, serum TSH levels were between 0.44--4.9 μIU/ml. Mean values of serum TSH were significantly higher compared to those in their lean peers (2.14 ± 0.97 μIU/ml vs. 1.47 ± 0.63 μIU/ml, *p* = \<0.001). TSH levels 4 μIU/ml were found only in 5 patients. Serum fT4 was within normal range and did not differ when compared to the control group. Obese children had a significantly adverse lipid profile. Elevated serum total cholesterol level (TC ≥200 mg/dl) and LDL cholesterol level (LDL-C ≥130 mg/dl) were found in 24 (21.8%) and 17 (15.5%) obese children, respectively. Increased values of triglycerides (≥110 mg/dl) were detected in 73 (66.4%) patients. Forty (36.4%) obese children had low (\<40 mg/dl) levels of HDL-C. Increased values of TC/HDL-C ≥5, TG/HDL-C ≥3, LDL-C/HDL-C ≥3 were found in 22 (20%), 55 (50%), 25 (22.7%) obese children, respectively. After dividing the group of obese children according to TSH level we observed higher mean or median values of TC, LDL-C, TG and atherogenic indicators in children with serum TSH \>4 μIU/ml, but because of the low number of patients, a statistical analysis cannot be performed. Likewise, these groups of children had the highest median carotid IMT value (Tab. [1](#tbl1){ref-type="table"}, Fig. [2](#fig2){ref-type="fig"}). These two subgroups of obese children did not differ with respect to BMI, SDS BMI, waist circumference and %FAT. The characteristics of a lipid status and IMT of obese children and control groups are presented in Table [1](#tbl1){ref-type="table"}. Median systolic blood pressure (SBP) in obese children was 114 mmHg, median diastolic blood pressure (DBP) was 70 mmHg and did not differ between the subgroups with higher and lower serum TSH levels.

###### 

The comparison of lipid profiles, atherogenic lipid indicates and carotid intima-media thickness in the non-obese children and the obese children divided according to the value of TSH level

![](jou-18-296-t001)

  Variable            Non-obese children (*n* = 38)   Obese children                                                             
  ------------------- ------------------------------- ----------------------------------------------------- -------------------- -------------------
  **TC (mg/dl)**      156.77 ± 23.85                  177.47 ± 29.52^[\*\*\*](#FNt10){ref-type="fn"}^       176.4 ± 29.18        196.0 ± 31.79
  **HDL-C (mg/dl)**   54 (33--92)                     42 (25--92)^[\*\*\*](#FNt10){ref-type="fn"}^          42 (25--92)          49.5 (30--58)
  **LDL-C (mg/dl)**   84.26 ± 25.64                   106.31 ± 27.19^[\*\*\*](#FNt10){ref-type="fn"}^       105.58 ± 27.01       119.0 ± 29.66
  **TG (mg/dl)**      73 (23--167)                    124 (39--458)^[\*\*\*](#FNt10){ref-type="fn"}^        123 (39--458)        162.5 (106--219)
  **TG/HDL-C**        1.29 (0.33--4.28)               2,99 (0.53--14.31)^[\*\*\*](#FNt10){ref-type="fn"}^   2.99 (0.53--14.31)   3.75 (2.0--6,1)
  **LDL C/HDL C**     1.56 (0.09--3.03)               2.47 (0.7--6.76)^[\*\*\*](#FNt10){ref-type="fn"}^     2.44 (0.7--6.76)     2.64 (1,71--5.0)
  **TC/HDL-C**        2.94 (1.36--4.87)               4.16 (2.0--10.32)^[\*\*\*](#FNt10){ref-type="fn"}^    4.16 (2.0--10.32)    4.29 (3.29--7.23)
  **IMT**             0.58 (0.25--0.73)               0.6 (0.22--1.4)                                       0.6 (0.22--1.4)      0.65 (0.5--0.7)

Data are presented as mean ± standard deviation (SD) or median with minimum and maximum values as appropriate

TSH -- thyroid stimulating hormone;

TC -- total cholesterol;

HDL-C -- high-density lipoprotein cholesterol;

LDL-C -- low-density lipoprotein cholesterol;

TG -- triglycerides;

TC/HDL-C -- total cholesterol to HDL cholesterol ratio;

TG/HDL-C -- triglycerides to HDL cholesterol ratio;

LDL-C/HDL-C -- LDL cholesterol to HDL cholesterol ratio;

IMT -- intima media thickness

*p* \<0,001

*p* \<0,01

*p* \<0,05 (comparison: non obese children *vs.* obese children)

![Increased thickness of carotid intima-media in a 12 years old girl from the obese group](jou-18-296-g002){#fig2}

In Spearman correlation serum TSH values correlated with TC/HDL-C (*r* = 0.286, *p* \<0.001), TG/HDL-C (*r* = 0.236, *p* = 0.004), LDL-C/HDL-C (*r* = 0.281, *p* = 0.001), and carotid IMT (*r* = 0.290, *p* = 0.003), but not with SBP and DBP. In multivariate linear regression analysis, after adjustment for age, gender and SDS BMI, TSH correlated weakly only with IMT. Furthermore, this relationship was weaker after considering a lipid profile (Tab. [2](#tbl2){ref-type="table"}). No relationship was found for fT4.

###### 

Multivariate regression analysis of intima-media thickness (dependent variable)
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  Independent variables           B        SE      *p*-value   95% CI
  ------------------------------- -------- ------- ----------- --------------
  **MODEL 1**                                                  
  **Age (years)**                 0.008    0.007   0.258       −0.006−0.021
  **Sex (male = 1/female = 2)**   −0.052   0.036   0.153       −0.124−0.019
  **SDS BMI**                     0,.047   0.041   0.259       −0.034−0.127
  **TSH (μIU/ml)**                0.041    0.020   0.041       0.003−0.080
  **MODEL 2**                                                  
  **Age (years)**                 0.008    0.007   0.282       −0.006−0.022
  **Sex (male = 1/female = 2)**   −0.052   0.038   0.0170      −0.126−0.022
  **SDS BMI**                     0.049    0.043   0.255       −0.035−0.134
  **TC (mg/dl)**                  0.000    0.002   0.844       −0.004−0.004
  **LDL-C (mg/dl)**               0.000    0.002   0.838       −0.005−0.004
  **TG (mg/dl)**                  0.000    0.000   0.878       −0.001−0.001
  **TSH (μIU/ml)**                0.040    0.021   0.058       −0.001−0.081

SDS BMI -- standard deviation score of Body Mass Index

TC -- total cholesterol;

HDL-C -- high-density lipoprotein cholesterol;

LDL-C -- low-density lipoprotein cholesterol;

TG -- triglycerides;

TSH -- thyroid stimulating hormone;

B -- non-standardized coefficient;

SE -- standard error;

CI -- confidence interval

Discussion {#jou4}
==========

It is well known that atherosclerosis can start in childhood and is mainly caused by accumulation of fat mass and obesity-related development of metabolic and hemodynamic disturbances such as dyslipidemia, insulin resistance, impaired glucose tolerance or hypertension. Obesity also leads to slightly elevated serum TSH levels accompanied by a normal level of free thyroxine (fT4), suggesting subclinical hypothyroidism (SCH). Recently, the association between SCH and a higher risk of atherosclerotic diseases has been the subject of many studies in adult population. Their results are not clear, but some meta-analysis has confirmed such a link^([@bib23])^. Also, considering multidirectional action of thyroid hormone, the question arises what role elevated TSH plays in the onset of atherosclerosis in obese children. We analyzed the measurements of carotid intima media thickness as a useful tool in evaluation of subclinical atherogenesis.

The meta-analysis by Gao *et al.*^([@bib12])^ based on 8 observational studies including 3602 adult patients confirmed the association between SCH and increased IMT, which may be a result of elevated TSH, dyslipidemia and hypertension. In other studies^([@bib8],[@bib9])^ authors point out that this relationship is independent from traditional risk factors. Data regarding this problem in pediatric population are limited. Isik-Balci *et al.*^([@bib24])^ and Ünal *et al.*^([@bib13])^ found higher thickness of carotid IMT in children with SCH than in control groups. In a study including 81 overweight and obese children, Schiel *et al.*^([@bib25])^ showed that IMT correlated with selected anthropometric parameters describing obesity, blood pressure and also with TSH. In another study, in a group of 58 obese children with nonalcoholic fatty liver disease (NASH), Sert *et al.*^([@bib26])^ demonstrated a negative impact of subclinical hypothyroidism on cardiovascular risk factors. Twenty-five individuals with TSH \>4 μIU/ml had higher thickness of carotid IMT, higher left ventricular mass (LVM) and also a more unfavorable lipid profile and glucose metabolism parameters compared to obese peers without diagnosed SCH. In a multivariate regression analysis TSH correlated positively with IMT, after adjustment for age, gender, BMI, blood pressure, a lipid profile, fasting glucose, fasting insulin and HOMA. Another study not only confirmed impaired cardiac function as a reduced diastolic function and a longitudinal systolic function assessed by Doppler Echocardiography^([@bib14])^, but also showed alteration of hemorheological parameters in children with SCH^([@bib24])^. The study by Özer *et al.*^([@bib27])^, including 260 obese children, found that an elevated TSH level is a risk factor for a metabolic syndrome.

In our study, serum TSH concentration also correlated with IMT after adjustment for age, gender and SDS BMI, but this relationship was attenuated after considering a lipid profile. The results of our analysis suggest that changes of a lipid profile found in obese children had a greater impact on thickness of carotid intima-media and perhaps TSH contributes to early atherosclerosis vascular changes through an action on lipid metabolism. Akkoca's *et al.*^([@bib7])^ reached similar conclusions in their study. In 60 non-obese adults divided into three equal groups with a normal thyroid function, subclinical hypothyroidism and clinical hypothyroidism, it was found that increased thickness of a carotid IMT wall resulted from an adverse lipid status.

Thyroid hormones regulate synthesis, metabolism and mobilization of lipids. They increase cholesterol synthesis in the liver and expression of a cell surface LDL--C receptor in the liver and other tissues and decrease intestinal cholesterol absorption. Thyroid hormones increase cholesterol ester transfer protein (CETP) concentration and increase the activity of hepatic lipase and lipoprotein lipase, and thus impact HDL-C and triglyceride concentration^([@bib11])^. The effect of subclinical hypothyroidism on a serum lipid profile is not quite clear. The presence of TSH receptor in hepatocytes potentially explains the role of thyrotropin in the formation of hypercholesterolemia^([@bib28])^. Some studies in adult patients have reported a relationship between subclinical hypothyroidism and an adverse lipid status^([@bib9],[@bib11])^. Moreover, the HUNT study including a group of 30656 patients demonstrated that increased serum TSH levels, but still within the normal range, positively correlated with total cholesterol, LDL cholesterol and triglycerides and negatively correlated with HDL-C^([@bib29])^. The results of these studies are supported by research in obese children conducted by Aeberli *et al.*^([@bib30])^, Pacifico *et al.*^([@bib31])^ and Shalitin *et al.*^([@bib32])^. In our study, obese children with TSH \>4 uIU/ml, besides increased mean/median levels of serum lipids, demonstrated elevated values of an atherogenic lipid indicator, but this group is too small to establish any statistical significance. What is more, as in our previous study^([@bib15])^, we found a relationship between TSH and triglicerydes, total cholesterol and LDL cholesterol, however, in the present study we did not find any association between TSH and atherogenic lipid indicators, after adjustment for age, gender and SDS BMI. This raises doubts about the role of TSH in pathogenesis of atherosclerosis in obese children. In literature only a few studies described significant differences in TC/HDL-C and LDL-C/HDL-C ratios in patients with SCH compared to control groups^([@bib9],[@bib13])^.

Our findings did not indicate an evident link between serum TSH levels in obese children and cardiovascular risk factors. It seems that higher serum TSH levels related to obesity may participate in changes of thickness of intimamedia wall through an adverse lipid profile. Because of the small size of the group, especially of the subclinical hypothyroidism subgroup, which is a limitation of our study, further investigation is needed. Determining whether isolated hiperthyreotropinemia is an additional cardiovascular risk factor is essential for prevention of atherosclerosis. This is particularly important for pediatricians in the context of the beneficial role of L-thyroxine (LT4) replacement therapy in reducing cardiovascular risk factors. According to European Thyroid Association (2014), there is insufficient evidence to recommend L-thyroxine treatment of children with TSH \<10 mU/L and normal TT4/fT4 concentration and decisions in the case of those children should be taken individually^([@bib33])^. Some studies have showed serum TSH normalization and insulin sensitivity improvement after weight loss^([@bib30],[@bib34])^. A retrospective study by Matusik *et al.*^([@bib35])^ found that LT4 treatment combined with a diet and physical intervention in obese children with SCH did not improve weight loss compared to children without LT4 therapy.

Conclusion {#jou5}
==========

Obese children and adolescents are predisposed to higher levels of serum TSH in comparison to their normal-weight peers. However, increased serum TSH does not seem to impact atherogenic lipid indicators and carotid IMT. Therefore, an adverse lipid profile should still be considered the main risk factor for development of cardiovascular disease in obese children.
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